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Summary
Music has been present in all human cultures since prehis-
tory [1, 2], although it is not associated with any apparent
biological advantages (such as food, sex, etc.) or utility
value (such as money). Nevertheless, music is ranked
among the highest sources of pleasure [3], and its important
role in our society and culture has led to the assumption that
the ability of music to induce pleasure is universal. However,
this assumption has never been empirically tested. In the
present report, we identified a group of healthy individuals
without depression or generalized anhedonia who showed
reduced behavioral pleasure ratings and no autonomic re-
sponses to pleasurable music, despite having normal
musical perception capacities. These persons showed pre-
served behavioral and physiological responses to monetary
reward, indicating that the low sensitivity to music was not
due to a global hypofunction of the reward network. These
results point to the existence of specific musical anhedonia
and suggest that there may be individual differences in
access to the reward system.
Results
It is well established that some psychiatric disorders are asso-
ciated with a loss in the capacity to experience pleasure from
stimuli such as food, drink, touch, or music, a deficit known as
anhedonia [4, 5]. Healthy populations also exhibit a wide range
of individual differences in their hedonic capacity (anhedonia
trait) [6, 7], which has been related to differences in the brain
reward system [8, 9]. Anhedonia has generally been treated
as a uniform factor, that is, a reduction in the rewarding
aspects of all or most known pleasant stimuli (whether phys-
ical or abstract), but to our knowledge, no studies have exam-
ined whether dissociations in anhedonia for different types of
reward exist.
Here, we sought to identify whether there exist healthy indi-
viduals with specific musical anhedonia, that is, with normal
perceptual function and hedonic response to other types of*Correspondence: josepmarco@gmail.comreinforcements, but with no emotional response to music.
Concretely, we studied whether pleasure induced by music
can be specifically dissociated frommonetary reward. Finding
such people could be important in understanding the sources
of rewarding experience associated with music. In addition,
the existence of a specific anhedonia would also raise the
question of common versus specific reinforcer-dependent
brain circuits associatedwith reward processing and how indi-
viduals evaluate different rewarding stimuli.
We selected three groups of ten people each with high
(hyperhedonic group, H-HDN), average (hedonic group,
HDN), or low sensitivity to musical reward (anhedonic group,
ANH), assessed using a previously developed psychometric
instrument, the Barcelona Musical Reward Questionnaire
(BMRQ) [10], which is known to be a reliable indicator of inter-
individual variability in music-induced reward. In addition, the
three groups were chosen to have comparable overall sensi-
tivity to reward, anhedonia trait, and music perception func-
tions (Table 1).
Participants performed two different experiments in coun-
terbalanced order: a music task in which they had to rate the
degree of pleasure they were experiencing while listening to
pleasant music [11], and a monetary incentive delay task
(MID) [12] in which participants had to respond quickly to a
target in order to win or not to lose real money. The two tasks
have been shown to engage reward-related neural circuits in
each domain (both music and money) and lead to releases of
the dopamine neurotransmitter [13, 14]. In order to have objec-
tive physiological measures of emotional arousal, we recorded
changes of skin conductance response (SCR) and heart rate
(HR), which are reliable measures of autonomic nervous
system expression of emotion (for further details, see the
Supplemental Experimental Procedures available online).
Additionally, 1 year later, we performed a second, follow-up
session with 26 out of the 30 participants in order to study
(1) the consistency of the behavioral effects reported on the
first session and (2) whether those effects could be driven by
differences among groups in familiarity or musical emotion
recognition. Participants were also asked to evaluate the de-
gree of pleasure they experience with different kind of reward
(food, sex, music, money, exercise, and drugs) using a visual
analog scale (VAS; Figure 1A). One-way ANOVA, applied for
each category, showed no differences among groups in the
ratings (evaluation of pleasure) for sex, food, money, exercise,
and drugs (all p values >0.2), but a significant effect on the
music scale (F(2,23) = 19.14, p < 0.001). These results support
the idea that there are no differences among groups in other
reward stimuli different than music.
We also tested differences among groups in music emotion
recognition during this follow-up session. Participants per-
formed a musical emotion recognition task [15] in which they
had to rate the absence or presence of four emotion domains
(happy, sad, scary, and peaceful) on 56 excerpts (14 excerpts
each expressing these emotions; see Supplemental Experi-
mental Procedures). Overall, participants recognized at
above-chance levels the emotion expressed on the four
different categories (p values <0.002). There were no signifi-
cant differences among groups in any of the four emotion
Table 1. Psychometric Scores in Anhedonia, Sensitivity to Reward and
Punishment, Amusia, and the BMRQ of the Three Groups
Anhedonics Hedonics Hyperhedonics p Value
n 10 10 10
Age 24.7 (5.2) 20.6 (1.8) 23.0 (5.8) 0.16
BMRQ
Emotion evocation 11.6 (3.7) 16.7 (2.3) 18.9 (1.4) <0.001
Mood regulation 12.4 (2.9) 16 (2.3) 18.3 (1.4) <0.001
Sensory-motor 14.3 (2.3) 15.7 (2.5) 17.6 (2.0) 0.01
Social reward 11.2 (2.9) 12.4 (3.6) 17.3 (1.9) <0.001
Musical seeking 8.8 (2.4) 10.7 (2.8) 16.8 (2.0) <0.001
Overall 58.3 (5.9) 72.4 (5.9) 89.8 (3.2) <0.001
Anhedonia
PAS 14.3 (5.7) 13.6 (5.6) 11.4 (5.3) 0.50
SPSR
Sensitivity to
punishment
10.7 (6.0) 10.7 (5.8) 11.5 (5.1) 0.94
Sensitivity to reward 8.0 (3.9) 7.0 (4.2) 8.9 (3.6) 0.57
BIS BAS
BAS drive 10.2 (2.3) 10.9 (2.1) 11.3 (1.8) 0.45
Fun seeking 12.1 (1.6) 10.6(2.4) 11.0 (2.5) 0.56
Reward
responsiveness
14.9 (2.2) 15.2 (2.3) 15.8 (2.9) 0.64
BIS 21.2 (2.7) 20.5 (3.9) 20.9 (4.8) 0.92
Amusia
MBEA 83.3 (4.9) 85.7 (4.9) 86.4 (5.8) 0.47
SDs are reported between parentheses. p value indicates the significance of
the group effect in a one-way ANOVA. PAS, Physical Anhedonia Scale;
SPSR, Sensitivity to Punishment and Sensitivity to Reward Questionnaire;
BIS, Behavioral Inhibition System; BAS, Behavioral Activation System;
MBEA, Montreal Battery of Evaluation of Amusia.
Figure 1. Behavioral Correlates of Sensitivity to Music Reward
(A) Average score for different reward types assessed by a visual analog
scale. Note that the groups present similar scores in all domains except in
the music scale. Error bars indicate the SEM. Exer, exercise. Groups
showed no significant differences in music emotion recognition either
(Figure S1).
(B–D) Scatter plot of (B) the proportion of responses associated to chills and
high pleasurable rates, (C) the reported intensity, and (D) the average liking
rate with overall scores of the BMRQ in the music task. Black circles repre-
sent ANH participants; dark gray squares, HDN; and light gray, H-HDN. The
solid black line represents the slope of the linear fit, and the dashed gray line
represents the 95% confidence interval (the stimuli selected for the music
task are available in the Table S1).
See also Figure S1 and Table S1.
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700dimensions (p values >0.11; Figure S1). Thus, the presence of
musical anhedonia is not related to difficulty with music
emotion recognition.
Music Task
The participants listened to music excerpts selected as being
highly pleasing by an independent group of healthy persons of
similar demographics, and to self-selected excerpts (Table
S1), and were asked to rate in real time the degree of pleasure
they were experiencing by pressing one of four different
buttons on a keyboard (1, neutral; 2, low pleasure; 3, high plea-
sure; 4, chill; adapted from [11]). At the end of each excerpt,
they were asked to rate the overall degree of pleasure (from
1 to 10) and to report the number and the intensity of chills
they experienced (from 1 to 5) (see the Supplemental Experi-
mental Procedures for further details).
The proportion of real-time responses associated with chills
and high-pleasure ratings compared to low and neutral ratings
was predicted only by the overall BMRQ score when all the
psychometric scores available (BMRQ, BIS/BAS, SPSRQ,
and MBEA) were included in a stepwise regression analysis
(R2 = 0.11, F(1,28) = 4.71, p = 0.04; Figure 1B), such that
those with low BMRQ scores had the fewest high-pleasure
or chill responses. Similarly, participants with higher BMRQ
scores experienced more-intense chills (R2 = 0.30, F(1,22) =
10.66, p = 0.004) and reported higher liking rates (R2 = 0.29,
F(1,28) = 10.32, p = 0.003; Figures 1C and 1D) on the ratings
given at the end of each excerpt. Similar results were ob-
tained during the follow-up session (see the SupplementalExperimental Procedures), indicating that these behavioral
effects were consistent across time.
During the second session, participants also rated the
degree of familiarity of each excerpt. The three groups re-
ported similar mean familiarity rate on those excerpts selected
for the SCR and HR analysis (F(2,25) = 0.45, p = 0.64) and on 16
newmusical pieces that were not previously used in the exper-
iment (see the Supplemental Experimental Procedures). These
findings discard the possibility of some sort of bias because of
differences in familiarity among groups.
Figure 2 shows SCR responses associated with the four
different degrees of pleasure experienced by the three groups.
Visually, the H-HDN and HDN groups presented increases of
SCR amplitude as the rate of pleasure increases. However,
the ANHgroup only showed a small peakwhile reporting chills.
Individual SCR curves revealed that this peak was due only to
one of the anhedonic participants, who presented a significant
increase of the SCR (Figure S2A) and could be considered an
outlier in this group. To test the relationship between the
degree of pleasure experienced and SCR amplitude on a
trial-by-trial basis, we performed a regression analysis for
each individual, using SCR amplitude as dependent variable
and pleasure rating as independentmeasure. If SCR amplitude
scales with the degree of pleasure rated by the participants,
then the slope of this relationship should be positive and
significantly different from 0 (see Figure S3 for the distribution
of the slopes obtained). This was the case for HDN (t(9) = 5.43,
p < 0.001) and H-HDN (t(9) = 5.99, p < 0.001) participants.
Higher ratings were associated with larger SCR amplitude in
these two groups. However, ANH participants showed no
Figure 2. SCR to Different Degrees of Music
Pleasure
Normalized skin conductance response associ-
ated with the four different pleasure rates (chill,
high pleasure, low pleasure, and neutral) for the
three groups in the music task. Note the increase
of SCR in both H-HDN andHDNgroups (but not in
the ANH group) as a function of increasing plea-
sure rate. Solid lines indicate the averaged SCR
with the corresponding SEM. See also Figure S2
for individual plots (Figure S2A) and same anal-
ysis excluding self-selected pieces (Figure S2B).
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responses (t(9) = 0.88, p < 0.4).
We applied the same regression analysis with theHRdata as
dependent measure. Consistently with the SCR, there was a
positive relationship between the HR and the behavioral
ratings of pleasure in the H-HDN (t(9) = 5.24, p = 0.001) and
HDN (t(9) = 3.3, p = 0.009) groups, but not in the ANH (t(9) =
0.24, p = 0.80; Figures 3B and 3D). Similar results were ob-
tained when we performed the same SCR and HR analyses
without including the self-selected excerpts (see the Supple-
mental Experimental Procedures and Figure S2B).
Finally, we performed stepwise linear regression analysis to
assess the relationship between the individual’s slope and
the psychometric measures evaluated. The BMRQ was the
only variable that significantly predicted each individual’s
slope in the SCR (R2 = 0.32, F(1,28) = 13.37, p = 0.001) and
HR (R2 = 0.16, F(1,28) = 5.34, p = 0.03) analysis (Figures 3B
and 3D).
These results indicate that although some ANH participants
reported chills and high-pleasure ratings behaviorally, they
were not accompanied by a significant increase of physiolog-
ical responses (Figures 3A and 3C). Those individuals may
have been responding to a demand characteristic (as experi-
mental instructions indicated that four different buttons were
available), rather than reporting a true physiological response.
Therefore, they could assume that the experimenter was
expecting them to press all four during the session, and
thus they may have altered their behavior to conform to these
expectations.Monetary Task
In this task, the participants had to
respond quickly to a target in order to
win or not to lose real money.Magnitude
(V2 orV0.2) and valence (gain or loss) of
the potential outcome was indicated by
a cue at the beginning of each trial. In
gain trials, if participants responded
on time, they obtained the correspond-
ing amount of money. In loss trials,
they avoided losing that amount (see
the Supplemental Experimental Proce-
dures). The participants achieved an
average hit rate of 61.8% (SD = 7.9).
No differences in performance were
observed among groups (F(1,27) =
0.09, p = 0.91). Reaction time (RT)
analysis showed that the participants
tended to respond faster to the target in
trials with higher magnitude (F(1,27) =
3.85, p = 0.06). There was no significanteffect of valence (F(1,27) = 0.56, p = 0.46) or the interaction be-
tween the two factors (F(1,27) = 0.89, p = 0.35). These effects
were not affected by group in any condition (Fs < 1), suggest-
ing that the three groups were equally motivated to seek and
avoid monetary reward and punishment, respectively.
Figure 4 shows SCR response to the four different monetary
reward cues. SCR amplitude was greater in trials with high-
magnitude outcomes (F(1,27) = 69.37, p < 0.001). No differ-
ences were observed between gains and losses (F(1,27) =
0.23, p = 0.64). Moreover, there were no significant interaction
effects between group and conditions (valence 3 group:
F(2,27) = 1.67, p = 0.20; magnitude 3 group: F(1,27) = 0.15,
p = 0.60) (Figure 4). No significant effects were observed with
the HR (Fs < 1).
Discussion
In the present study, we explored the differences in physiolog-
ical responses associated with two different types of reward
(music and money) in three groups of participants classified
independently according to their sensitivity to music reward
[10]. We found, to our knowledge for the first time, the exis-
tence of a group of healthy people for whom music is not
rewarding (ANH). This result was reflected not only by their
self-reported scores, but also by their relative lack of physio-
logical responses (SCR and HR) to music. However, increases
of both SCR and HR as a function of increasing degree of
reported pleasure to music were systematically observed
in the other two groups. These differences could not be
Figure 3. Physiological Responses to Music
Reward
Average of (A) the normalized SCR and (B) the
proportion of change of HR in comparison to
baseline levels while participants report different
levels of pleasure in the music listening task.
The three groups are plotted separately: H-HDN
and HDN groups (but not the ANH group) pre-
sented a clear increase in both measures while
increasing pleasure rates. This is reflected on
the mean slope for each group from the
regression analysis performed with pleasure
rating as independent variable and the (C)
normalized SCR and (D) HR as dependent mea-
sures. The mean slope of the ANH group, in
contrast to HDN and H-HDN, is close to 0
in both measures, suggesting no relationship
between physiological responses and the re-
ported degree of pleasure. Error bars indicate
the SEM. See also Figure S3 for the slope’s
distribution.
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system: psychometrically, the three groups were matched
according to their overall sensitivity to reward and anhedonia
trait using reliable psychometric measures [6, 16, 17]. Behav-
iorally, the three groups presented similar RT when trying
to seek or avoid potential monetary reward or punishments,
respectively; and physiologically, the three groups presented
similar SCR and HR to monetary reward-predicting cues. In
addition, these differences could not be explained by (1) defi-
cits in music perception (amusia), as the three groups were
matched according to their scores in a widely used battery
to assess amusia [18]; (2) deficits in familiarity, as ANH individ-
uals recognized excerpts at the same level as the other
groups; or (3) deficits in recognizing emotion in music, as the
three groups showed similar accuracy scores for recognizing
different emotional dimensions in music [15].
Traditionally, anhedonia and sensitivity to reward have been
usually treated as indivisible constructs related to the integrity
of the reward system. However, the identification of people
with specific musical anhedonia might indicate the existence
of different impact of reinforcers in the reward system. That
is, although some individuals might have a disturbance of
the reward system and therefore present a decrease of reward
experience to all reinforcements, other individuals might have
affected only some specific pathways that access this system,
yielding specific forms of anhedonias. Both music and other
primary reinforcers (those with a biological bases, such sex
and food) and secondary reinforcers (those associated with
primary reinforcers, such as money) engage reward-related
brain circuits [12, 19–24] and lead to release of the dopamine
neurotransmitter in certain subcortical pathways [13, 14].
However, given the complex and abstract nature of musical
reward, emotions evoked by music might not be exclusively
processed within the reward network, but might be influenced
by other cortical areas such as those related to auditory
perception [25] and integrative areas such as frontal cortices
[20, 25]. In fact, some case studies with patients showing a
loss of the capacity for feeling emotions when listening to
music after brain damage have reported lesions not in
reward-related structures, but in temporal, frontal, or parietal
regions ([26, 27], but see [28]). Consistent with this line ofreasoning, Salimpoor and colleagues [25] showed that the
reward value of novel music was predicted not only by activa-
tion in reward-related regions (ventral striatum, amygdala, and
ventromedial prefrontal cortex), but also by modulation of
functional connectivity between ventral striatum and auditory
cortices, as well as frontal regions. These results suggest
that musical reward depends not only on the engagement of
the mesolimbic structures, but also on how this network inter-
acts with other cortical regions related to music.
In parallel to these results, a recent meta-analysis [21] has
shown that although different reward types (food, sex, and
money) engage a common brain network (orbitofrontal cortex,
ventral striatum, amygdala, insula, and thalamus), the location
of the activity within these regions varied somewhat across
reward. In addition, each reward type activated specific re-
gions depending on its properties. These recent findings sug-
gest that assignment of reward value may not be associated
only with a unique reward network, but rather may depend
on the recruitment of specialized areas involved in the percep-
tual and cognitive processing of each reward type. Therefore,
we hypothesize that the music-anhedonic participants identi-
fied in the present study, although they preserved sensitivity
to other rewards and had intact music perception, might
show an altered interaction betweenmusic processing regions
and the reward network. Importantly, what our findings reveal
is not a particular preference for one class of stimuli over
another (one person may enjoy opera, while another may
find it boring), but an inability to derive pleasure from an entire
domain, music, which the vast majority of human populations
do find pleasurable. Such domain-specific anhedonias may
also exist in other forms. Studying this particular and rather
encapsulated aspect of anhedonia may help shed light more
generally on why the link between perception and pleasure
can sometimes be broken.
Finally, an interesting result of the present study is that
H-HDN and HDN did not differ in their physiological responses
to music. Therefore, although H-HDN participants subjectively
reported experiencing greater emotions with music, objective
measures of emotions, like SCR and HR, did not reflect these
differences. One plausible hypothesis is that although both
groups experience similar emotional reactions to music, the
Figure 4. SCR to Monetary Reward
Normalized skin conductance response in the
monetary task associated with anticipation of
potential reward and punishment according to
the magnitude of the outcome for the three
groups. Anticipation of high-magnitude out-
comes evoked higher SCR responses than did
low-magnitude outcomes. However, no differ-
ences among groups were found.
Specific Musical Anhedonia
703same experience is more motivationally salient for the H-HDN
group. In that sense, a recent study [29] with patients who
developed musicophilia (specific pathological craving for
music [30, 31]) showed that they presented differences in
gray matter within the salience network, a system involved in
reward anticipation and consummation. This could imply a
double dissociation between ANH and H-HDN: while ANH
participants might have altered interactions between auditory
cortices and limbic regions, thus reducing the reward and
pleasure induced by music (reduced liking experience),
H-HDN participants might have an altered interaction among
regions evaluating the motivational value of reward [32], spe-
cifically among subregions specialized in musical reward pro-
cessing (increased wanting).
In conclusion, in the present study, we described a group
of healthy subjects with specific music anhedonia. We
showed dissociations between monetary and musical
reward, both psychometrically and physiologically, suggest-
ing the existence of different access to the reward system.
Further studies in these individuals might be important to
understand the neural basis underlying emotion and music
rewarding experiences, as well as reward processing more
generally.
Experimental Procedures
The BMRQ [10] was used to assess the distribution of sensitivity to musical
reward in a population of 1,029 university students (41% male; mean =
21 years, SD = 3.7). Three groups of ten participants with low (ANH group),
medium (HDN group), and high (H-HDN group) BMRQ scores were selected
(43%male; mean = 22.8 years, SD = 4.9 years). In addition, the three groups
were matched in (1) global sensitivity to reward and punishment using the
BIS/BAS [16] and SPSRQ [17], (2) hedonism trait using the PAS (excluding
those items referring to musical rewarding experiences to assess the
hedonic impact of other activities or stimulus outside the music domain)
[6], and (3) amusia score using theMBEA [18] (Table 1; see the Supplemental
Experimental Procedures). Twenty-six out of the original 30 (eight ANH, nine
HDN, and nine H-HDN) were recruited for a second behavioral session
1 year later. Procedures were approved by the Ethical Committee of the
Bellvitge Biomedical Research Institute (IDIBELL).Supplemental Information
Supplemental Information includes Supplemental Experimental Proce-
dures, three figures, and one table and can be found with this article online
at http://dx.doi.org/10.1016/j.cub.2014.01.068.
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